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SDMMARZ 


An  investigation  has  heen  made  in  the  Langley  7“  10— foot  tunnel 

to  determine  the  do-wnvash  angles  and  the  dynamic— pressinre  ratios  Behind 
■wings  of  various  sveep  angles  and  aspect  ratios,  and  the  aerodynamic 
force  characteristics  of  the  wings.  A  Brief  discussion  of  some  of  the 
effects  of  the  more  Important  variaBles  is  presented. 

The  wake  center  line  Behind  sweptforward  wings  was  found  to  Be 
located  higher  than  the  wahe  center  line  Behind  sweptBack  wings.  A 
low  tail  position  appears  to  Be  most  staBlllzlng  for  all  configurations 
Investigated  with  the  exception  of  the  short  tail  length  Behind  the 
unswept  wing  at  an  angle  of  attack  of  l6^.  At  low  tail  positions  and 
low  angles  of  attack  the  rate  of  change  of  do'wnwash  angle  with  angle 
of  attack  increases  as  sweepBack  decreases.  At  high  tail  positions 
and  high  angles  of  attack  the  reverse  tends  to  Be  true. 


INTEODUCTION 


The  analysis  of  reference  1  has  shown  that  the  use  of  sweptBack 
wings  for  hi^— speed  aircraft  can  greatly  extend  the  range  of  flight 
Mach  numBer  attainaBle  Before  the  onset  of  serious  compressiBility 
effects  on  the  wings.  The  resulting  realization  By  designers  of  the 
possiBility  of  attaining  supersonic  speeds  in  flight  without  serious 
compressiBility  effects  has  caused  great  interest  in  the  use  of  swept— 

Back  wings  and  a  great  demand  for  data  on  their  aerodynamic  characteristics 
throughout  the  speed  range.  In  response  to  this  demand,  the  National 
Advisory  Committee  for  Aeronautics  has  supplied  data  on  the  staBillty 
and  control  characteristics  of  swept  wings  at  low  speeds  in  reference  2 
and  another  NACA  paper  of  limited  dlstrlBution.  Also  a  collection  and 
analysis  of  static  longitudinal  staBllity  characteristics  are  given  in 
reference  3* 

Data  presented  in  reference  3  indicated  that  the  addition  of  a 
horizontal  tall  Behind  a  sweptBack  wing  may  Be  destaBillzing  for  some 
values  of  the  rate  of  change  of  downwash  angle  with  angle  of  attack  at 
the  tail  location.  Because  the  need  for  data  relative  to  downwash 
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"behind  swept  wings  was  urgent,  a  preliminary  investigation  was  made. 
These  preliminary  results  are  given  in  reference  4. 

The  present  paper  presents  the  resiats  of  an  extensive  survey 
of  downwash  behind  swept  wings.  Data  concerning  downwash  behind 
sweptforward  as  well  as  sweptback  wings  are  included.  This  paper 
also  presents  surveys  of  dynamic-piressure  ratio  behind  the  sweptforward 
and  sweptback  wings.  The  wings  used  for  this  investigation  vary  in 
sweep  from  60°  to  -60°.  The  survey  encoii^jasses  a  region  extending 
from  the  plane  of  symmetry  to  beyond  the  tip  in  the  spanwise  direction 
and  extending  chordwlse  seven  normal  chords  behind  the  quarter-chord 
line  of  the  wing.  The  surveys  were  made  in  a  low-speed  tuimel  at  a 
speed  of  approximately  80  miles  per  hour. 

The  aerodynamic  characteristics  of  the  wings,  as  determined  by 
force  measurements,  are  also  presented. 


COEFFICIENTS  AND  SYMBOIS 
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lift  coefficient  (Llft/qS) 
drag  coefficient  (Drag/qS) 

pitching-moment  coefficient  about  quarter  chord  of  wing 
mean  aerodynamic  chord  (Pitching  moment /qS^) 

free^tream  dynamic  pressure,  pounds  per  square  foot 

dynamic  pressure  in  region  behind  wing,  pounds  per  square  foot 
mass  density  of  air,  slugs  per  cubic  foot 
air  velocity,  feet  per  second 
wing  area,  square  feet 

wing  mean  aerodynamic  chord,  feet  ( same  as  c  for  each 
respective  model  since  models  have  constant  chord) 

chord  of  model,  feet  (chord  measured  parallel  to  air  stream) 

angle  of  sweep  of  leading  edge,  degrees  (positive  when  wing 
is  sweptback) 

wing  aspect  ratio 


€ 
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wing  span,  feet 
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horizontal-tail  position  with  respect  to  wing  chord  plane 
extended,  positive  upward,  semispans 


a 

€ 


Ae 

Lift  and 


dCm 

dCj, 


angle  of  attack  of  wing  chord  line,  degrees 

angle  of  downwash,  positive  in  down  direction  with  respect 
to  relative  wind,  degrees 

Jet— boundary  correction  to  downwash 

pltchlng-^oment  parameters: 

variation  of  lift  coefficient  with  angle  of  attack 

variation  of  pitching-moment  coefficient  with  lift  coefficient 


MODELS  AND  APPAEATD5 
Models 


Details  of  the  models  are  shown  in  figure  1.  Their  principal 
geometric  characteristics  are  presented  in  table  I.  The  models  were 
made  to  the  NACA  OOI5  airfoil  contour,  perpendicular  to  the  leading  edge. 
The  models  were  made  of  laminated  mahogany  "bonded  and  screwed  to  a 
heavy  steel  spar .  This  spar  was  necessary  to  minimize  deflection  under 
load.  No  geometric  twist  was  present  in  any  of  the  models. 


Dynamic— Pressure-Survey  Apparatus 

All  the  downwash  and  dynamic— pressure  data  presented  in  this 
paper  were  obtained  by  the  use  of  a  m-ultiple-tube  rake.  (See  fig.  2.) 
The  pitch  heads  of  this  rake  were  designed  to  have  the  pitch-measuring 
openings  of  each  head  as  close  together  as  possible,  so  that  the 
detrimental  effect  of  a  steep  pressure  gradient  on  the  correct  angle 
reading  would  be  minimized.  Details  of  one  of  the  pitch  heads  are  shown 
in  figure  2(c) .  Because  a  large  part  of  the  region  surveyed  was  in  the 
tip  vortex  behind  the  wing,  it  was  necessary  to  make  the  rake  sensitive 
to  angles  of  air  flow  in  the  pitch  direction  but  insensitive  to  air  flow 
in  the  yaw  direction.  By  using  the  slats  shown  in  figures  2(a)  and  2(b) 
to  form  a  nozzle  with  a  2:1  convergence,  the  rake  was  made  insensitive 
to  yaw  flow  at  small  angles  of  yaw.  The  maximum  angle-of— pitch  error 
caused  by  air  flows  yawed  20°  is  believed  to  be  approximately  1°.  Any 
detrimental  effects  on  total— pressure,  static— pressure,  and  angle— of— 
downwash  readings  resulting  from  the  presence  of  the  slats  were  taken 
care  of  by  the  calibration  of  the  rake  under  known  conditions  of  total 
pressure  and  dynamic  pressure. 
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TESTS  AND  RESULTS 

In 

Test  Conditions 


The  following  table 
models;  dynamic  pressure 
lence  factor  is  constant 


summarizes  the  test  conditions  for  the  various 
is  constant  at  a  value  of  I6.37  and  the  turhu— 
at  a  value  of  1.6: 


Span 

(in.) 

Sweep  of 
leading  edge 
(deg) 

Aspect 

ratio 

Chord 

(M.A.C.) 

(in.) 

Test  Reynolds 
number 

(a) 

60 

0 

6.0 

10.000 

0.620  X  10^ 

60 

30 

5.2 

11.547 

.720 

60 

-30 

5.2 

11.547 

.720 

60 

60 

3.0 

20.000 

1.240 

60 

-60 

3.0 

20.000 

1.240 

30 

0 

3.0 

10.000 

.620 

52 

30 

4.5 

11.547 

.720 

52 

-30 

4.5 

11.547 

0 

OJ 

'  30 

60 

1.5 

20.000 

1.240 

30 

-60 

1.5 

20.000 

1.240 

^Reynolds  number  based  on  mean  aerodynamic  chord. 


The  models  were  mounted  so  that  the  strut  supported  the  model 
8  Inches  to  the  left  of ^the  model  center  line.  (See  figs.  1  and  3*) 
This  off-center  mounting  was  used  to  reduce  the  strut  interference  in 
the  center-line  surveys,  and  also  to  allow  the  weight  and  air  loads 
of  the  model  to  be  supported  nearer  the  center  of  the  fore— and— aft 
dimension  of  the  model  and  thus  reduce  deflections  of  the  strut  in 
pitch. 


Test  Procedure 

Force  tests.—  Force  tests  of  the  models  were  made  from  an  angle  of 


attack  of  QO  to  stalling  angle  of  attack. 
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Dovnvash  aurveya,—  The  .dovnwash  Bvrrejs  vere  made  behind  each  model 
•with  the  rahe  held  normal  to  the  chord  plane  of  the  model.  (See  fig.  3.) 
The  survey— rake  positions  are  shovn  for  each  model  In  a  figure  preceding 
the  dovnwash  and  dynamic— pressure— ratio  contour  figures  for  that  model. 
(See  figs.  10,  13,  16,  19,  22,  25,  28,  3I,  34,  and  37.)  The  survey  for 
each  model  Included  25  positions  of  the  rake  except  when  the  model  or  the 
structure  of  the  tunnel  Interfered^  as  for  the  highly  swept  hlgh-aspect— 
ratio  models.  The  rake  was  located  to  give  a  survey  coverage  from 
12  Inches  above  to  2  Inches  below  the  chord  plane  In  order  to  cover  the 
region  of  expected  tall  locations.  After  the  surveys  were  made  for  the 
various  angles  of  attack  of  the  wing,  the  same  process  was  repeated  with 
wing  removed  and  mounting  strut  In  place  so  that  the  change  In  flow 
resulting  from  the  presence  of  the  wing  Itself  could  be  found  by  sub¬ 
traction.  All  surveys  were  made  by  changing  the  angle  of  attack  of  the 
survey  rake  to  agree  with  that  of  the  model.  All  survey  data  were 
recorded  by  photographing  a  multitube  Inclined  manometer. 

In  the  presentation  of  the  data  the  avrrej  planes  are  shown  located 
with  respect  to  the  chord  plane  at  all  angles  of  attack.  The  abscissa  of 
each  contour  plot  Is  laid  out  with  respect  to  the  guarte2>-chord  point  of 
the  wing  at  the  spanwlse  station  being  considered  and  not  with  respect 
to  the  quartern-chord  point  of  the  mean  aerodynamic  chord  of  the  wing. 

For  the  60^  swept  wings  the  first  line  of  the  spanwlse  survey  stations 
fell  within  the  model  and  could*  not  be  used.  The  distance  from  the 
quartei^hord  point  of  the  mean  aerodynamic  chord  to  any  point  given 
on  the  contour  plots  can  be  found  by  the  use  of  the  values  In  table  I. 


Corrections 

Tares.—  The  force— test  data  have  not  been  corrected  for  tares. 

The  "wing— In  —  wing— out"  method  of  obtaining  the  contour  data  by  sub¬ 
traction  should  partly  correct  for  strut  interference,  leaving  only  the 
mutual  interference  of  wing  and  strut  uncorrected.  This  mutual  inter¬ 
ference  has  been  found  In  the  past  to  be  small. 

Jet  boimdary.—  The  Jet— boundary  corrections  applied  to  the  force- 
test  data  are  presented  In  table  II.  The  values  of  and  a  shown 

on  the  contour  plots  of  downwash  angle  and  dynamic— pressure  ratio  are 
values  read  from  the  corrected  force— test  data.  These  Jet— boundary 
corrections  for  each  swept  wing  were  calculated  by  assuming  a  straight 
rectangular  wing  with  the  same  span  and  aspect  ratio  as  the  swept  wing. 

Jet— boundary  corrections  were  not  applied  to  the  downwash  values 
given  in  the  contour  plots.  For  the  Information  of  the  user  of  the 
downwash  data,  however,  figure  4  Is  presented.  The  curves  of  figure  4 
were  computed  from  reference  5^  taking  into  account  the  effect  of 

sweep,  and  give 


along  the  wing  center  line  In  the  chord  plane 
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for  each  of  the  ten  wings  tested  for  0°  angle  of  attack.  An  analysis  of 
some  unpublished  houndary-induced-upwash  calciaations  indicated  that  the 
correction  factor  presented  in  figure  4  will  he  constant  over  tail  spans 
up  to  1  wing  semispan  and  will  vary  less  than  5  percent  at  the  tip  of  a 
tail  of  span  eq.ual  to  2  wing  semispans.  The  correction  factor  will 
probably  be  within  10  percent  for  all  the  wings  at  all  angles  of  attack 
and  tail  heights  presented  eicept  the  6O— inch-span,  60°  swept  wings  at 
angles  of  attack  greater  than  17°.  (See  reference  5.)  The  correction 
should  be  calculated  by  using  the  dynamic— pressure  ratio  from  the  contours 
for  the  desired  tail  location  and  then  added  to  the  value  of  e  found  on 
the  contour  plot. 


Accuracy 

It  was  realized  that  high  dynamic-pressure— ratio  slopes  would 
influence  the  accuracy  of  the  downwash  data.  The  slopes  were  computed 
to  find  the  values  which  would  cause  errors  of  l/2°  and  of  1°  (determined 
from  calibration  curves  and  geometry  of  the  rake  pitch  heads) .  By 
cojiparison  of  the  dynamic— pressure— ratio  cross  plots  with  these  calcu¬ 
lated  slopes,  it  was  found  that  for  the  highest  slopes  in  the  wing  wake 
the  error  was  less  than  ^1°.  In  other  regions  the  error  is  believed 
to  be  smaller. 

G?he  dynamic— pressxire— ratio  contours  are  believed  to  be  accurate 
within  ^2  percent  since  the  ratio  is  determined  by  division  of  "wing-ln" 
readings  by  "wing-out"  readings  so  that  errors  of  rake  indication  should 
be  minimized. 


Presentation  of  PesTilts 

The  data  are  presented  in  figures  5  to  4^1-  in  three  general  groups: 
force— test  data,  smrvey  data,  and  analysis  plots.  Force-test  data  and 
survey  data  are  indexed  in  table  IH . 


DISCIJSSION 
Force  Data 


The  pitchlng-Hnoment  data  (figs.  6,  7,  8,  and  9)  reveal  changes  in 
the  pitching-moment  curves  at  a  value  of  of  about  0.6,  especially 

for  the  highly  swept  wings  of  high  aspect  ratio,  caused  by  a  shift  of  • 

lift  load  toward  the  root  section  on  sweptback  wings  and  a  shift  of 
lift  load  toward  the  tip  section  on  sweptforward  wings.  Eeference  4 
Indicates  that  this  shift  of  lift  load  has  a  pronounced  effect  on  the 
variation  of  downwash  angle  with  angle  of  attack  resulting  in  large  • 

changes  of 

dot 
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All  straight  and  swepthack  vings  presented  In  this  paper  have 
pltchlng-iiioment' characteristics  in  accordance  with  the  chart  of  aspect 
ratio  against  sweephack  found  in  reference  3.  The  possitle  application 
of  the  chart  to  sweptf onrard  wings  was  not  discussed  in  reference  3.  A 
study  of  figures  7  and.  9j  however,  reveals  that  the  chart  of  reference  3 
would  apply  to  "both  swepthack  and  sweptforward  wings  without  any  change 
except  for  the  sign  of  the  angle  of  sweep. 

The  following  table  shows  the  variation  of  Ct  and  with 

-‘-'a  dC]^ 

sweep  as  determined  hy  the  force  data  presented  in  this  paper.  The 
slopes  were  measured  through  a  small  angle-of-attack  range  near  zero 
lift. 


From  the  table  of  values  of  it  appears  that  sweepforward 

causes  a  pronounced  rearward  shift  of  the  aerodynamic  center.  Swepthack 
wings  show  only  a  slight  forward  shift  of  the  aerodynamic  center. 


The  values  of  as  obtained  from  figures  6  to  9  for  swept  wings 

CL 

are  in  some  cases  in  good  agreement  with  the  theoretical  values  in 
figure  4  of  reference  6;  however,  several  of  the  values  do  not  agree. 

It  is  believed  that  the  tares  resulting  from  the  strut  mounting  on  the 
left  wing  panel,  if  applied,  would  lead  to  closer  agreement. 
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The  table  of  values  of  Cj_^  shows  that  sweep,  regardless  of 
direction,  reduces  Sweptforward  wings  are  shown  to  have  slightly 

lower  values  of  than  swepthack  wings. 


Surveys 

Downwash.—  Figures  40  and  4l  give  the  spanwise  contours  of  downwash 
and  wake  in  a  vertical  plane  through  an  arbitrary  tail  location  behind 
the  swept  and  imswept  wings.  This  tail  was  assumed  to  have  the  same 
sweep  as  the  wing  and  to  be  located  the  same  actual  distance  behind  all 
of  the  wings .  This  distance  was  2  semispans  behind  the  q[uarter^hord 
line  of  the  30—in.ch-^pan  wings  and  1  semispan  behind  the  q.uarter-chord 
line  of  the  60— inch— span  wings.  The  effect  of  sweep  at  constant  lift 
on  the  spanwise  distribution  of  downwash  at  this  assumed  tail  location 
for  wings  of  aspect  ratio  3  inay  be  found  in  figure  40(a)  .  The  spanwise 
contours  of  downwash  show  the  expected  maximum  downwash  angle  behind 
the  root  of  the  sweptforward  wing  and  behind  the  tip  of  the  sweptback 
wing.  The  unswept  and  60°  sweptback  wings  have  large  downwash  angles 
behind  the  tip,  and  a  somewhat  higher  location  of  the  wake  center  line 
with  respect  to  the  chord  plane  than  the  60^  sweptforward  wing.  These 
large  downwash  angles  near  the  tip  of  the  unswept  and  sweptback  wings 
are  probably  a  result  of  the  high  relative  tip  loading  encountered  on 
these  wings. 

Figure  4l(a)  gives  the  effect  of  sweep  on  the  spanwise  distribution 
of  downwash  behind  wings  of  the  same  basic  panel  unswept  and  swept  forward 
and  back  60^.  The  basic  panel  concept  gives  an  aspect-ratio  variation  of 
from  6  for  the  unswept  to  I.5  for  the  same  panel  swept  60^  either  forward 
or  back.  This  low  value  of  aspect  ratio  is  believed  to  be  the  cause  of 
the  fact  that  there  are  high  angles  of  downwash  near  the  tip  of  the  swept— 
forward  wing  as  well  as  at  the  root  where  high  downwash  angles  are 
expected.  The  sweptback  wing  gives  the  anticipated  high  downwash  angles 
behind  the  tip,  but  the  region  of  highest  angles  occurs  nearer  the  tip 
than  for  the  sweptback  wing  of  aspect  ratio  3  shown  in  figure  4o(a)  .  It 
appears  that  both  sweptforward  and  sweptback  wings  of  low  aspect  ratio 
have  more  pronounced  tip  loading  than  those  of  higher  aspect  ratio. 

Wake.—  The  location,  measured  from  the  chord  plane,  of  the  wake 
center  line  in  the  plane  of  symmetry  behind  sweptforward  wings  is  found 
to  be  high  at  medium  angles  of  attack,  and  this  vertical  location 
increases  rapidly  with  angle  of  attack.  (See  figs.  l8(a),  24(a),  33(a)  ^ 
and  39(a).)  On  the  other  hand,  the  location  of  the  wake  behind  swept— 
back  wings  was  in  the  chord  plane  or  Just  below  the  chord  plane  in  the 
plane  of  symmetry  and  showed  only  a  slight  upward  shift  in  location  with 
angle  of  attack.  (See  figs.  15(a),  2l(a),  30(a),  and  36(a).) 

In  the  wake  behind  sweptforward  wings  values  of  i/Iq 
the  plane  of  symmetry  but  increase  rapidly  toward  the  tip.  Sweptback 
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wings,  however,  produce  values  of  q/q_^  which  are  fairly  high  in  the 
wate  at  the  plane  of  symmetry  and  decrease  toward  the  tip. 

The  comparison  of  the  wake  behind  unswept  and  60°  swept  wings  at 
constant  lift  and  aspect  ratio  presented  in  figure  40(b)  shows  the  same 
trends  as  discussed  previously,  that  is,  high  location  of  low  energy  wake 
behind  center  of  sweptforward  wings,  and  the  same  behind  tips  of  wings 
swept  back  60°.  Figure  it-l(b)  does  not  present  as  clear  a  picture  as 
figure  kO(b);  however,  the  trend  is  the  same.  This  low-energy  region 
behind  the  center  section  of  sweptforward  wings  and  behind  the  tip 
section  of  sweptback  wings  is  probably  caused  by  the  transverse  flow 
of  air  inboard  for  the  sweptforward  wing  and  outboard  for  the  sweptback 
wing . 


Stability Some  available  data  on  sweptback  wings  (reference  k) 

indicate  that  radical  changes  .in  —  occur  in  certain  regions  behind 

da 

the  wing.  It  was  found  from  the  data  shown  in  the  present  paper  that 
sweptforward  wings  as  well  as  sweptback  wings  produced  radical  changes 

ill  Figure  42  shows  ^  plotted  against  the  distance  of  an  assumed 

da  da 

horizontal— tail  position  from  the  wing  chord  plane  extended.  Two  values 
of  tail  length  were  used,  measured  from  the  q.uarter-chord  point  of  the 
mean  aerodynamic  chord,  which  are  believed  to  bracket  the  tail  positions 
of  modern  swept^ing  airplanes  for  which  geometric  data  are  now  available. 
Only  ^m^wept  and  60°  sweptforward  and  sweptback  wings  with  aspect  ratio 
of  3  were  considered.  The  data,  presented  at  two  angles  of  attack  and 
for  two  spanwlse  stations  (in  plane  of  symmetry  and  I/3  semi span  from 
plane  of  symmetry),  have  been  corrected  for  Jet— boundary  effects  as 
presented  in  figure  4  and  reference  5.  The  data  indicate  that  the 
lowest  tail  position  tends  to  give  the  lowest,  that  is,  most  stable, 

value  of  A  notable  exception  to  the  trend  is  evident  for  the 

da 

short  tall  length  behind  the  unswept  wing,  particularly  at  the  angle  of 
attack  of  l6°.  For  the  short  tail  length  behind  the  unswept  wing  the 

highest  tall  position  gave  the  lowest  value  of  — .  In  general  — 

da  da 

increases  as  sweep  decreases.  Exceptions  to  this  trend  are  most  numerous 
for  the  longer  tail  length  coupled  with  the  high  angle  of  attack.  There 
is  also  a  slight  tendency  toward  violation  of  this  trend  for  the  higher 
tall  positions.  In  general,  the  low  tall  position  appears  to  be  the  most 
stable  for  both  unswept  and  60°  swept  wings. 


Pictorial  Eepresentatlon 

Isometric  representations  of  angles  of  downwash  behind  the  30-lnch- 
span  wings  are  given  in  figures  43  and  44  for  the  straight  rectangular 
wing  and  the  60°  sweptback  wing,  respectively.  Only  the  downwash  sheets 
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■behind  the  right  half  of  the  wing  are  shown  as  the  downwash  pattern 
behind  the  wing  is  assumed  to  be  symmetrical.  Also,  the  data  presented 
in  these  figures  cover  only  about  0.8  of  the  semispan  since  the  down- 
wash  angle  becomes  negative  from  there  to  beyond  the  tip.  The  data 
presented  were  obtained  with  the  wing  at  an  angle  of  attack  of  about  8.1° 
as  that  seemed  to  be  a  compromise  between  presenting  too  simple  a  picture 
or  too  confusing  a  picture.  Only  downwash  angles  of  2.0°,  4.0°,  and  6.0° 
are  shown.  The  heavy  dotted  lines  show  the  shape  of  the  upper  surface  of 
the  downwash  sheets  at  each  of  the  chordwlse  stations  indicated.  The 
light  dotted  lines  show  the  shape  of  the  lower  surface. 


CONCLUSIONS 


The  data  obtained  from  force  tests  and  dynamic— pressure  wake  surveys 
for  ten  models  having  various  angles  of  sweep  in  low-speed  three-dimensional 
air  flow  indicate  the  following  conclusions: 

1.  The  wake-center-line  location  (measiared  from  the  chord  plane) 
behind  sweptforward  wings  was  found  to  be  high  whereas  behind  sweptback 
wings  it  was  found  to  be  in  the  chord  plane  or  Just  below  the  chord  plane. 

2.  The  sweptforward  and  sweptback  wings  show  their  greatest  wake 

energy  loss  at  the  plane  of  symmetry  and  at  the  tip,  respectively.  "• 

3.  A  low  tall  position  appears  to  be  most  stabilizing  for  all  wings 
investigated  except  for  the  short  tall  length  behind  the  unswept  wing  at 

an  angle  of  attack  of  l6°.  The  high  tall  position  was  most  stabilizing  for  * 

this  condition. 

4.  At  short  tall  lengths  and  low  angles  of  attack  the  rate  of  change 
of  downwash  angle  with  angle  of  attack  generally  increases  as  sweep 
decreases.  At  long  tail  lengths  and  high  angles  of  attack  the  reverse 
tends  to  be  true. 


Langley  Aeronautical  Laboratory 

National  Advisory  Committee  for  Aeronautics 
Langley  Field,  Va.,  June  3,  1948 


I 


tl 


MCA  TN  No.  1703 


11 


EEEERENCES 


1.  Jones,  Eolert  T.:  Wing  Plan  Forms  for  Hl^-Speed  Flight.  MCA  TN 

No.  1033,  19^6. 

2.  Letko,  William,  and  Goodman,  Alex:  Preliminary  Wind-Tunnel  Investi¬ 

gation  at  Lov  Speed  of  Stahllity  and  Control  Characteristics  of 
Swept-Back  Wings.  NACA  TN  No. ^1046,  1946. 

3.  Shortal,  Joseph  A.,  and  Maggin,  Bernard:  Effect  of  Sweephack  and 

Aspect  Patio  on  Longitudinal  Stahllity  Characteristics  of  Wings 
at  Low  Speeds.  NACA  TN  No.  IO93,  1946. 

4.  Purser,  Paul  E.,  Spearman,  M.  Leroy,  and  Bates,  William  E.: 

Preliminary  Investigation  at  Low  Speed  of  Downwash  Characteristics 
of  Small-Scale  Swepthack  Wings.  NACA  TN  No.  I378,  1947 . 

5.  Gillls,  Clarence  L.,  Polhamus,  Edward  C.,  and  Gray,  Joseph  L.,  Jr.: 

Charts  for  Determining  Jet-Boimdary  Corrections  for  Complete 
Models  in  'J—  by  10— Foot  Closed  Bectangular  Wind  Tunnels. 

NACA  AER  No.  L5G3I,  1945. 

6.  Toll,  Thomas  A.,  and  Quel jo,  M.  J.:  Approximate  Relations  and  Charts 

for  Low-Speed  Stability  Derivatives  of  Swept  Wings.  NACA  TN 
No.  1581,  1948. 


12 


NACA  TN  No.  I7O3 


% 


TABLE  I.-  GEOMETRY  OF  TEE  MODEI^ 

[naCA  0015  airfoil  section  in  plane  perpendicular  to 
ving  leading  edge  for  all  models] 


Span 

(in.) 

Sweep 

(d-eg) 

Aspect 

ratio 

Chord 

(M.A.C.) 

(in.) 

— 

Area 
(sq.  in.) 

Distance 
from  c/k 
of  M.A.C.  to 

L.E.  at  center  line 

60 

0 

6.0 

10.00 

600.0 

2.50 

60 

30 

5.2 

11.55 

692.8 

11.55 

60 

-30 

5.2 

11.55 

692.8 

5.77 

60 

60 

3.0 

20.00 

1200.0 

20.96 

60 

-60 

3.0 

20.00 

1200.0 

20.96 

30 

0 

3.0 

10.00 

300.0 

2.50 

52 

30 

4.5 

11.55 

600.0 

10.39 

52 

-30 

4.5 

11.55 

600.0 

4.62 

30 

60 

1.5 

20.00 

600.0 

17.99 

30 

-^0 

1.5 

20.00 

600.0 

7.99 
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TABLE  II.-  JET-^OLNDARy  COEEECTIONS 


Ml  corrections  are  additivel 
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TABLE  III.-  INDEX  OF  FIGDRES  SHOWING  FOECE  TEST  AND  SXJEVET  DATA 


Sweep 
angle,  A 
(deg) 

Span,  D 
(in.) 

Figiire 

Force  data 

Stations 

surrejed 

Domiwash 

contours 

Dynamic— 

pressure-ratio 

contours 

1 

10 

11 

12 

0 

1 

► 

5 

1 

25 

26 

27 

"  60 

13 

14 

15 

30 

. 

6 

1 

1 

28 

29 

30 

1 

m^ni 

16 

17 

18 

-30 

■H 

7 

1 

31 

32 

33 

^  60 

19 

20 

21 

60 

-< 

8 

♦ 

30 

34 

35 

36 

60 

22 

23 

24 

-60 

< 

y 

9 

30 

37 

38 

39 

_ 
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Leading  edge^ 

line 

ml  / 

h  / 

Pivot  point^ 

V 

I 

V 

MAC. 

.4 - 

-8"-* 

A=60 - n 

A-0‘,A-6 


J ,  of  /Jib  fen  untape  fed  w/n^s  of  uar^fng  aspect  fotio  and 

angle  of  Siveep  used  for  the  doiunwash  and  dynamic  -  pressure  surveys- 
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•  ... 


L-52469 


.41., -<v 


'-xNA^^ 

L -52888 


(b)  Slat  removed  showing  arrangement  of 


pressure  tubes 


Continued 


•Side  v/eyv 


(C)  De/ai Is  of  one  pitch  head  of  ourvey  raAe 
shotting  location  of  the  vohous pressure  (^enings. 

Cd/I  d/mens/ons  are  /n  /nc^esD 
figure  f.  ~  Conc/cfded. 
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7(//?/?<f/  f/oor 


Elevation  view 

i5.  "■  E/^ws  of  Zao^/e^  7~  6^  If  ~  fooZ~  /ao/?^/  /esf  sfaoj/og  /oefhodr  asco/ 

f?/^  ^o^^orf/o^  /?7a<f4/  czocf 
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cvi  O  C30  «o  ^ 


'  ojrjl? 

0/M3V 


Figure  4 Jet  -  boundary  corrections  along  the  intersection  of 
the  plane  of  symmetry  and  the  chord  ptane  of  the  v^ing 
as  computed  from  rehrence  6  for  CC-0°. 


Angle  of  attack^  oc,  deg  Pitching  -moment 

coefficient^ 


‘gure  6 Aerodynamic  characteristics  of 
30*  sweptbock  w/hgs. 


Drag  coefficient, 


yerfical  disfance  from  chord  plane ^cembpan 


0  2  .4  .6  .6  ID  11  14  16  W  Z 

Longifudinal  disfance  from  fi-chord  poinp  semisi 

(a)  Plane  of  symmetry. 

ure  1 J .  -  Downwash  contours  behind  .  straight  rectang 
of  60 -inch  span.  A=6. 
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{a)  06  =  0.01° 
0.020. 


(b)  06=  4.11: 
Cjf0.24d. 


(0  06=8.00. 
C,=a502. 


id)  06=10.8 f. 
0^-0.740 


(6)06=15.37; 

Ci_  =0.680. 


Longitudinal  dbtance  from  74- chord  point,  semispans 

(C)  2  spanwhe  station. 

Figure  11.  -  Continued. 
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{a)o^^O.Of. 

CLr-0.020. 


(b)  06=4.11'! 
Cj_--0.24d. 


(c)  06= 8.20° 
C^=O.502. 


id)  06  -12.51! 
C^- 0.745. 


(e)  06=18.57. 
0^=0.660. 


.-4 

f 

0 

)  _ 

- ^ 

— \ify~ 

^  . 

6 

- 

^  T 

- 

> 

-1-6^  ■ 

y' 

/ 

— 

_ 

^=S3o"- 

9 _ — ■ 

* 

~1X^ 

_ _ 

QO^ 

r 

0^ 

_ - 

"^f 

_ 

NACA 


0  .2  d  .6  .8  10  12  1.4  1.6  18  20  22  2 

Longitudinal  distance  from  O4  ~chord  point,  semispans 

id)  ^  spanwise  station. 

Figure  11.-  Continued. 
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fa)  Plane  of  symmetry. 

Figure  lZ-~  dynamic  —  pressure  —  ratio  contours  behind  straight 
rectangular  wing  of  60  -  inch  span.  A  =6. 
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Longirudina!  distance  from  i/4~ chord  point,  semispans 
(c)  j  spanwise  station. 

Figure  f  2  -  Continued . 
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ib)  06^4.11° 
Cl=0.248. 


(C)  Cy^= 8.8.0] 

C^=0.50Z. 


(d)  06=18.31] 
Cl- 0.7 45. 


[&)  06=15.37° 

Cl=0.080. 


Figure 


(e)  spanwhe  station. 
IZ.  -  Concluded. 
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(a)  OL"  0.01° 
Cc  0.028. 


(b)  a =4'.!^° 
Cl-0.Z59. 


ic)  CL= 
CrO.517. 


(d)a=J2.J5; 

CifO.Z37 


(e)  oi  -16.40] 
Cc  0.935. 


0  .2  4  B  .8  10  12  14  16  18  20  2Z  24 

Longitudinal  distance  fran  14--chad point^semispans 

(a)  Plane  of  symmetry. 

Figure  id-.  -  Downwash  contours  behind  30“  swept  back  wing  of 

60 -inch  span.  A- 5.2. 
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(d)  ^  spanvjhe  station. 
Figure  J4  -  -  Continued. 


Vertical  c/isfunce  from  chord  plane  ^semkpan 


°  Vertical  distance  from  chord  plane^cemlspan 
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faj  a-- 0.01] 

Cr  0.028. 


(b)  oc  =  4.1^] 
0.259. 


(c)  8.25; 

Cl^O.517.  ^ 


(d)  a- 12.55:^ 
Cr-0.73Z  ^ 


ie)  QL--16.45] 
0^=0.935. 


to^o 

- _ 

— 

. — 

— 

— ■ 

- - 

— 

- — ' 

_ .I3zxh. 

- 

' 

--m 

9SX90- 


0  .2  4  .6  .6  1.0  iZ  14  1.6  1.8  2.0  2.Z  24 

Laigifudina!  distance  from  V4- chord poinf^semispana 

(d)  ^  spanwise  station. 

Figure  15.-  Continue  d. 


Vertical  distance  from  chord  plane,  semispan 
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:e  from  U4 -chord  point,  semispa 
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M  OC^O; 

q=o.o. 


fd)  06=4.14“. 
C^--0.23J. 


fc)  06  =8.46'; 
0.469. 


(d)  oc-lZ.5d'. 
C^=0.683'. 


Cg)  oc^  16.43°. 
Cl-0.841'. 


(f)  06=40.67; 
Ci_  =0.998. 


Longitudinal  distance  from  1/4-chord 
(C)-§  span  wise  station. 


point,  semispans 


figure  1 7 .-Continued. 
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faJ  o<^=0; 
Cl  --0.0. 


(b)  06^4.14° 
CL=0.Z3i. 


(c)  oc^8.£6° 
Cl- 0.469. 


(d)  oc 

Cl-0.685! 


(e)  06=16.43° 
Cl=0.84L 


A 


0  Z  4  .6  .8  LO  1.2  1.4  1.6  1.8  2.0  2.2  2.4 

Longitudinal  dhtarce  from  l/4~chord  point,  semispans 


(d)  spanmse  station. 
Figure  17.- Continued. 
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Vertical  distance  from  chord  plane,  semispan 
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'  0  .Z  4  .6  .6  1.0  IZ  1.4  1.6  1.8  ZO  Z. 

Longitudinal  distance  from  1/4- chord  point,  semispan. 

- - — - - - 

(b)  ^  spontr/ise  s fat  ion. 

Continued. 
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ff)  OC-Z0.J7. 
Ci_=0.996.  ' 


Longitudinal  distance  from  1/4-chord  point,  semispans 

(d)^  span  wise  afafion 
Figure  16  .'Continued. 
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(a)  06=0, 
C£-a004. 


(b)  oc^4W. 

Ccam. 


(c)  06^8.161 
0^0300. 


(d)  I 

Ci_0.533. 


(e)  06-16.36'. 
CcO.684. 


(f)  O6-ZOAO: 
Cl- 0.764. 


Longitudinal  dhtanca  from  I/4- chord  point,  scmispans 


(a)  Plane  of  jy/nmefr^. 

rigure  20.  -Domwash  contours  deblnd  60°  JrrcpfhacA  my  of  60 ~ 
Inch  span.  8  =  3. 


b4 


MCA  TN  No.  1703 


figure  2  Or  Oonf/nued. 
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.  (C)-^  sponM6e  sfafion. 

figure  20.  -  Continued. 
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(O)  O6=0j 
Cji0004. 


(b)  06-4.03; 
CcaM4. 


(c)  oc-8JS; 
Ci_=Q500. 


(d)  o6-1^.£S; 
C,:  0.62b. 


(e)  06-16.36; 
0^-0.684. 


Cf)  06 -20. 40; 
0.764. 


6gure  20. 


Condnued. 
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Longitudinal  distance  from  i/4  -  chord  point,  semispans 
dponme  dfation. 

r/gure  20.-  Concluded. 
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(0)  06^0°. 

Cr 0.004. 


(b)  06^4.00'. 
Cc  0.154. 


(c)  06-8.15. 
0^=0.300. 


(d)  06-12.55'. 
CcO.552. 


(e)  06=16.55: 
=0.684. 


(f)  06-20.40. 
Cc-0754.  ' 


Longitudinal  distance  from  I/4- chord  point,  semispans 


(a)  P/one  o5  sy/n/rretry . 

figure  21.- Dynomie  -  pressure- ratio  confourcn  beb/nd  60'’  sueptback  mg 
of  60 -inch  span.  /\-3. 
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Figure  2^.-  Continued. 
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\krfical  distance  from  chord  plane ^semispan 


Longitudinal  distance  from  V4- chord poinf^ser, 
(b)  ^  spanwise  station. 
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(a)  a  ^0.  OZO] 
CtrQOZZ. 


(b)0L-4.ZO° 

Cc-O.m. 


(c)cl--6.J7: 
Cl- 0.314 


id]  0L--lZ.6d; 
0^-0.489. 


ie)0L^iadO: 

Cl-0660. 


if)  a  --Z0.3S; 
Cl-0.76Z. 


(c) 


h 

3 


Lo/ylfud/nal  distance  from  74- chord  point,  jemlspans 


cpanw/se  dation. 


Figure  Z3 .  -  Continued. 
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(a)  x--  0.0Z0° 
CrO.OZZ. 


(d)  a>-4.Z0: 

Cl-0.16Z.  % 
% 

I 


(c)  ao- 3Z7j  I 
6r0.3U.  ^ 

I 


(d)  (z-JZM  ^ 


% 

% 


e)  (L=16.d0j% 

Cl  -0.660. 


^  ^  ^ ^  1  ^  i\)  Oj >4^  Kj  Cjsi 
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Verficnl  distance  from  chord  plane^  jemispan 
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Figure  Z4 Continued. 


Vertical  distance  from  chord  plane^semispan 


Longitudinal  distance  from  i^-chord point, jembpans 
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dure  PA  -  Continued. 
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J^igure  Z5r  Sutt've^  stations  behind  straight 
rectangular  \A/ing  of  SO^/rpch  span.  3. 


Vertical  distance  from  chord  plane,  semispan 
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ia)  OC--0.01] 

Cc'OMd., 
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06^4.03- 

C^- 0.166. 


ic]  O6--8.07- 
C  1:0.542. 


<ij  _ 
.8 


A 

^  .2 


(6)06-12.10-  5  .6 

0:0.650.  ^  .4 


(c)  06-16.15°  ^  6 

Or- 0.7/2.  h  4 


B«BI! 


0  4  .8  1.Z  m  ZO  24  23  3.2  36  4.0  4.4  4.8 

Longitudinal  dbtance  from  V4- chord  point,  oemtspano 

(o)  Plane  of  symmetry. 

Figure  27.-  Dynamic -pressure -raf/o  contours  dehind  straight  rectangutor  wng 
of  50 -tacf?  span.  A'-  5. 
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Longitudinal  distance  from  1/4- chord  point,  semispans 

(b)-^  spanme  sfafion. 
f/pore  2.7.-  Continued. 
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(c)^-  sponh/ise  oM/on. 
figure  2  7r  ConUnued. 
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(a)  -0.01; 

c^-ao^8. 


ConSTanr  value,  ^  -100 
- r  I  7  I  *  S" — [— 


ib)  06-4.05- 
Cl-0J66 


-9S=- 


c:  C- 


.8 


(C)  06=8.07;  .6 

C^- 0.542.  .4 

^  p 

c:  I 

^  .8 

(d)o6-iajo;  p 
Ci_=O.SSO.^  4 
.2 

I 

.8 

06= 16.15-  \  .6 
Cr  0.7/2.  '■%  4 


— 
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Longitudinal  dhtance  from  04-chord  point,  sembpans 

ySponnise  sM/on. 

ngure  27.-  Oonduder/. 
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(o)  06^0°: 
Cl-O.OI£. 


(b)  06- 4M: 
C^^0.e53. 


(c)  06-8.13° 
C ^-0.487 


(d)  06- 12.. 86; 
0^=0.702. 


(e)  06-16.331 
C,_-. 0.902. 


Longituidinal  distance  from  1/4- chord  point,  semispans 


(a)  Plane  of  cijmmefry. 

Figure  29.-  DomMosb  contours  behind  30° sr/epfbach  rriny  of  32- /deb  spa/)./! -4.5. 
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(a)  06  =  0; 

Ci_=o.oia. 


(b)  o6  =  4.0Q; 
CcQ259. 


(c)  06  =  8.16] 
0^-0.467. 


(d)  06  =  12.69] 
Cca70£. 


(e)  06=16.95° 
C^_=0.90^ 


Longitudinal  distance  from  1/4- chord  point,  semispans 

(b)-^  spanme  s/at/on. 
figure  ZS.  -  Conf/nued. 


Mertica!  distance  from  chord  plane,  semispan 
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Longitudinal  distance  from  1/4- chord  p 
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(a)  06-01 

0.012. 


(b)  06-4.07- 
C^-  0.259. 


(c)  06-8.16] 
0^=0.437 


(d)  o6-lE.ej.; 
0^=0.702. 


(e)  06-16.55° 
Ci_- 0.902. 


0  .2  4  .6  .8  1.0  1.2  1.4  1.6  1.8  2.0  2.2  24  2.6  2.8 


Longitudinal  distance  from  1/4 -chord  point,  semispans 


(a)  Plane  of  symmetry. 

figure  30.- Dynamic -pressure -raf/o  oonfoors  behind  50°  siveptbocK  rr/rg  of  52-/nch 
span.  7=4.5. 


Vertical  distance  from  chord  plane,,  semispan 


0  .Z  d  .6  .8  1.0  LZ 

Lon/jitudinal  distance  froi 
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Figure  31. ~  Sutvey  eTaTiohs  behind  3d" ewepf 
forward  yving  of  3Z-/'r?c/?  span.  A -4.5. 
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(a)  oc  -O.o; 


(d)  00^4.1; 

CcO.^^. 


fc)  06^8. 2'; 
Ci_=0A6. 


(d)  06-12.3; 
C^-0.64. 


fe)  06-16.3- 
Cl-0.73. 


(f)  06-20.4] 

c^-a^y. 


Long'Minal  distance  from  1/4-chord  point, 

(b)  ^  spanwise  station. 

Figure  3Z.  -  Continued. 


semispans 


<4 


me  A  TN  No.  1703 


109 


CO  ^  spanwise  station. 
Figure  32-- Continued. 
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Vertta!  distance  from  chord  plane,  semispan 


Longitudinal  distance  FrOi 

(a)  Plane  of  symmetry 
Dynamic  -  pressure  -  ratio  con) 
52.  -  /nc/s  span.  A  =  4.5. 


B  10  1.2  1.4  1.6 
distance  from  i/4  -ck 
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(a)  06 -0.0; 
C^--0.0l 


(d)  06-4.1. 

c^=o.^^. 


(c)  06-8.2; 
C^-0.45. 


(d)  06  =  12.3° 
Cl  =  0.64. 


M  O6-I6.3: 
C^=0.7d. 


(f)  06-20.4; 
C^--  0.91 


Longitudinal  distance  from  t/4- chord  point,  semispans 


(c)  y  spanwise  station. 
33  .-Continued. 
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Co)  oc^O.o) 
0.01. 


(b)  06-4./° 

--  o.db. 


fc)  06-3.2; 
Cl-  0.43. 


(d)  06-12.3- 
Cl-  0.64. 


(e)  06-16.3; 
Cl- 0.78. 


(f)  06-20.4] 
Cl-  0.0/. 


Figure 


Longitudinal  distance  from  V4- chord  point,  semispans 


(d)  spanwise  station. 
33  .-Continued. 


il6 


KA.CA  TN  No.  I703 


fa)  06-0; 

CijO.OJ. 


(b)  o6--4m 


(c)  06-8.17; 

0.45. 


(d)  06-14.46] 

0.64. 


(e)  00-16.45} 

C^:-0.7d. 


(f)  06-40.59] 
C(_  -  0.91. 


Suri/'ey  sf<2fions 
®  Included 

^  Omitted 


F/gure  34.-  Suti/ey  stations  behind  00° 
sv\feptbacF  wing  of30~/r?c/?  span.  A  =15 


Vertta!  '  distance  from  chord  plane,  semhpan 
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Longitudinal  distance  from  1/4'Chord  point,  semisf 


Vertical  distance  from  chord  plane,  semispan 


semispan 


doanwhe  station. 


Vertical  distance  from  chord  plane  ^  semispan 
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2.0  2.4  2.8  8.2  3.6  4, 

)ngitudinal 

distance 

from  t/ 4- chord  pointy  S( 

(d)  1 

spanwise 

station. 
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(o)  oc=0° 
Cl-W09. 


(b)  06= 4. 06] 
0^0.1  W. 


(C)  06=8.11° 
Cl-0.251 


(d)  o6  =  IZ.17: 

c^= 0.395'. 


(e)  o6-16.a4: 
Cl-0.563. 


m  o6=zo.5o: 
Cl-0.707. 


Longitudinal  distance  from  1/4 -chord  point,  semispans 


(e)  spanwise  station. 
Figure  36  .-Concluded. 
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Figure  37rSurveg  stations  behind  GO** 
Sweptforward  wing  of  dOinch  span,  A~1.5. 
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(a)  06-0°; 
0^-0.008. 


(b)  06 -W4] 

CrOJlI. 


(c)  06-8,09; 
Cl- 0.255. 


(d)  06-1ZJJI 

C1-.O.574. 
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(e)  06-16.16] 
Cr  0.525. 


(f)  O6-Z0.Z2, 
Cr 0.646. 


—lzo‘—\- 


-14.0= 
.  zao'^ 

ZZ.Q'-^ 

-Z4.0= 

i3.0‘=. 

4.0- 

^-5.0= 


Ald.O" 


4.0^ 


'  0  d  .8  1.2  1.6  zo  Zd  28  3.2  3.6  4.0  4.4  48 

Longitudinal  distance  from  1/4-chord  point,  semispans 

b  ■  j.  .  '^naca;^ 

(b)  ^  sponmse  sfotion. 

Figure  38  ~  Con/inued. 
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06=0; 

CcOOOd. 


(b)  06-4.041 
C^-O.UL 


§ 

Cc)  06-8.00° 

Cr  0.855. 


.  I 

(d)  06  =  18.15; 
Cc0574. 

O 

c: 

.io 


(e)  06=16.16°; 
0^0.585. 

^  O  \ 


(f)  o6=80.ZZl 
Cc  0.646. 


Longitudinal  distance  from  1/4-chord 
(C)  -j  spanwise  station. 

Figure  dSrConfinued. 


point,  semispans 


lord  plane,  sem/span 


.&  12  16 
Inal  distance 

4  spanwhe 


ZO  24^  2.8  22  J.6  40  4.4 

from  i/4- chord  point,  semispans 

station. 
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Figure  39  -Continued. 
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60° 8wepf forward ,  60  ‘spon 

U‘8.4° 

C^=6.3J 

A-3.0 


0° sweep ,  30"span 
oC=6J° 
Cl^O.34 
A- 3.0 


60°  swepf bock,  60  span 
oC=8.2° 

c^-aso 

A  =3.0 


fa)  Downwosh ,  6. 


Lofera!  d/sfance  from  plane 
of  symmetry,  semispan 


Figure  40.  -Effect  of  siweep  on  the  spanwise  distribution  of  downwosh 
and  dynamic-pressure  ratio  behind  mngs  of  the  some  aspect 
ratio.  Toil  length,  J.O  semispon  for  60-inch-spon  wings  and  £.0  semispons 
for  the  30-inch -span  wings. 
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60’' swept  forward,  60‘spon 

oc^a.r 

C^=0.3/ 

A-3.0 


0° sweep.  So  "span 
06^8.1“ 

A -3.0 


60° swepiback,  60  "span 
oi=8.2  ° 

Ct.-0.50 

A=3.0 


(b)  Dynamic -pressure  ratio, 
Figure  40 .-Conc/aded. 
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llH 


(a)  Doiv/iwas/),  €. 


of  symmefry^  semispon 

TTaca, 


F/gure  4/  ~Effecf  of  sweep  on  ^he  sponw/se  disMbufion  of  downwosh  ond 
dynamic -pressure  ratio  behind  wings  of  the  same  basic  pane/.  Tail  length, 

1.0  sem/spon  for  60-inch -span  wings  ond  2.0  semispans  for  30~/nch~spon  wings. 


Ik2 


9 

NACA  TN  No.  I7O3 


60  swepf forward ,  30"  spon 
oL=8.1^ 

CLrOZ4 
A- 1.5 


0‘s  weep,  60"  span 

oc-4r 
Ci-a8J 
A  =6.0 


60° swept  hack ,  SO'span 
oC=S.2° 

Ci_=0.26 

A--J.5 


0  .2  4  .6  .6  W  1.2 


Lofero!  dishrY:e  from  plane 
of  symmelry,  semi  spon 


(b)  Dynamic  -pressure  raiio  ,  ^  . 
Figure  4J .  -  Concluded. 
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Tail  position,  /?,  semispan 
(a)  Plane  of  symmetry^  06^^8° 

Figure  42- Effect  of  sweep  and  fail  position  on  the  variation 
of  downwash  with  angle  of  attack  for  the  different 
swept  wings  of  aspect  ratio  5. 
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Tail  length' 1.5 2 


de  j. 


-y^>deg 
—  0 
—  60 
-  -60 


Tail  tenath  -0.75 


-1  0  .1  .£  .3 

Tail  position,  h,  semispan 
(c) spanwlse  plane] 

Figure  ^2..-  Continued. 


Contains  do-wnwash- angle  and  dynamic-pressiire-ratio 
contoirrs  tehind  ten  different  imtapered  wings  of  varying 
aspect  ratios  and  sweep*  The  rate  of  change  of  downwash 
angle  with  angle  of  attack  and  effect  of  sweep  are  also 
presented. 
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